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ABSTRACT 


Aim: The aim of this study was to determine the presence and concentration of mercury (Hg) and arsenic (As) in organs and 
tissues of slaughtered pigs in Nsukka slaughter house. 

Methodology: From a total of 110 slaughtered pigs, liver, kidney and muscle samples of each pig were collected and analyzed 
for the detection of mercury and arsenic residue using Atomic Absorption Spectrophotometer. 

Results: A prevalence rate of 66.4% and 29.1% were recorded for mercury and arsenic respectively. The level of mean con¬ 
centrations of arsenic in kidney, liver and muscle were 0.0016mg/kg, 0.0025mg/kg and 0.0012mg/kg respectively. While level 
of mean concentrations of mercury were 0.0009mg/kg, 0.001 Omg/kg and 0.0006mg/kg in kidney, liver and muscle respectively. 
There was a significant difference (P< 0.05) in the concentration of arsenic and mercury in liver, kidney and muscle samples of 
the different age groups of the slaughtered pigs. 

Conclusion: The levels of mercury and arsenic in few samples that exceeded the provisional tolerable weekly intake (PTWI) 
may pose human health threat to pork consumers in the study area. 
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INTRODUCTION 

Heavy metals are serious environmental pollutants and their 
uptake and accumulation in the ecosystem, beyond safe lim¬ 
its, would cause direct consequences to food chain and ul¬ 
timately to man (Felix et ah, 2016a). Heavy metals such as 
mercury, arsenic etc, are naturally occurring elements in the 
earth’s crust, and thus direct or indirect exposure to them 
from natural sources is inevitable especially for animals that 
are not intensively reared (Felix et ah, 2016a). In animal 
tissues, metals may enter through animal feeds, green fod¬ 
der, drinking water and pharmaceutical medicines etc. Other 
sources are accidental access to limed field, mineral supple¬ 
ments with high content of trace metal and licking of painted 
surfaced containing metallic pigments. The common source 
of arsenic is in fluid used for dipping and spraying of animal 


to control ecto-parasites. Industrial wastes and sewage water 
from the chloroalkali industry are a major source of mercury 
pollution. 

Arsenic is a metal that occurs at ultra trace levels. It has been 
suggested that this metal could play an essential role in hu¬ 
mans because decreases in serum arsenic concentration have 
been correlated with injuries of the central nervous system, 
vascular disease and cancer (Smith et ah, 2000; Pesch et 
ah, 2002). Chronic arsenic toxicity is mostly manifested in 
weight loss, capricious appetite, conjunctively and mucosal 
erythematic lesion including mouth ulceration and reduced 
milk yield. Acute toxic effects include abdominal cramping, 
hyperesthesia in extremities, abdominal patellar reflexes and 
abdominal electrocardiogram (Pesch et ah, 2002). 
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The toxicity of mercury depends on its chemical form me¬ 
thyl mercury being the most hazardous metal and stable form 
of mercury that has been attributed to the suffering of most 
avian and mammalian predators at the top of contaminated 
tropics. Mercury has the ability to cross the blood brain bar¬ 
rier for example methyl-mercury causing toxicity of central 
nervous system in animals and as well as in humans (Mukesh 
et ah, 2008). A well documented environmental disaster as¬ 
sociated with mercury is the Minamata disease. Minamata 
disease is sometimes referred to as Chisso- Minamata dis¬ 
ease. It is a neurological syndrome caused by severe mercury 
poisoning. Mercury has the ability to cross the blood brain 
barrier for example methyl-mercury causing toxicity of cen¬ 
tral nervous system in animals and as well as in humans. 
(Mukesh et ah, 2008). 

The polluted meats from the edible animal products exposed 
to heavy metals in the environment are sold in the market for 
human consumption (Felix et ah, 2016a). Despite the high 
concentrations of heavy metals in Enugu State, no studies 
have been conducted to detennine metal contamination lev¬ 
els in pigs which scavenge freely in the area. The animals 
when exposed to toxic metals accumulate them in their or¬ 
gans such as liver and kidneys, which are considered deli¬ 
cacies in Nsukka. Meat produced from these animals is a 
rich and convenient source of nutrients such as proteins and 
micronutrients. 

It is therefore imperative that this study be carried out with 
the major aim to investigate the possible presence and preva¬ 
lence of mercury and arsenic residues in organs and muscles 
of slaughtered pigs in the study area and also, to determine 
its level (concentration) in the tissues. 

MATERIALS AND METHODS 
Study Area 

The study was done in Nsukka slaughter house of Enugu 
State, South East Nigeria. Nsukka urban has a map coordi¬ 
nates of 6°51'24"N and 7°23'45"E. Nsukka has a total land 
area of about 17.5 sq mi (45.38 km 2 ), and has an elevation of 
1,810ft (522 m) with a population of 309, 633(NPC, 2006). 

Study Design 

The research work was a four month cross sectional survey 
and laboratory analysis of samples from slaughtered pigs, to 
determine the presence, prevalence and concentration of Mer¬ 
cury and Arsenic. This experiment was conducted with 
the permission of the Institution's Ethics Committee. 

Sampling technique and Sample Collection 

One (Nsukka) out of the three agricultural zones in Enugu 
State was randomly selected. Stratified random sampling 


was used to select pigs from the slaughter house assigning 
them into female and male sex strata and systematic random 
sampling was used to select 1 in 3 pigs slaughtered, twice a 
week for four months. 

Atotal of 330 fresh samples of liver, kidney and muscle from 
110 slaughtered pigs were collected between the months of 
June 2014 and September 2014. Age was determined using 
teeth eruption and wearing. About 50g each of liver and mus¬ 
cle samples and a whole kidney of each selected slaughter 
pig was packed in sterile polythene bags, labeled and sent to 
Veterinary Public Health and Preventive Medicine, Univer¬ 
sity of Nigeria, Nsukka for freezing pending analysis. The 
frozen samples were transported in a cold chain to Spring¬ 
board Research laboratory, Awka Anambra State, Nigeria, 
for chemical analysis. In formation on the method of process¬ 
ing and the type of materials used was collected by observa¬ 
tion and pictures were taken. 

Sample processing 

Digestion of Sample (Dry Digestion) 

Digestion of the sample was done using the method of Felix 
et al. (2016a). Liver, kidney and muscle samples were dried 
in the oven at 45° C. After drying, individual sample was 
crushed into fine powder using mortar and pestle, and l.Og 
of the fine powdered sample was weighed into porcelain cru¬ 
cible and ignited in a muffle furnace at 500° C for 6 to 8 
hours. The samples were then removed from the furnace and 
allowed to cool in desiccators, and weighed again. 5cm cube 
of 1M Trioxonitrate (V) acid (HNO,) solution was added to 
the left-over ash and evaporated to dryness on a hot plate 
and returned to the furnace for re-heating at 400° C for 15-20 
minutes until perfect grayish-white ash was obtained. The 
samples were then allowed to cool in desiccators. 15ml (cm 3 ) 
hydrochloric acid (HCL) was then added to the ash to dis¬ 
solve it and the solution was filtered into 100 cm 3 volumetric 
flask. The volume was made to 100cm 3 with distilled water. 

Analysis 

Mercury and arsenic residues were tested using the digested 
samples of liver, kidney and muscle under specified condi¬ 
tion using Atomic Absorption Spectrometer (AAS). The pro¬ 
cedure was done according to the manufacturer (AA-6800, 
Shimadzu Atomic Absorption Spectrophotometer) (Szkoda 
and Zmudzki, 2005). 

Data Analysis and Presentation 

The data generated from the study were statistically analyzed 
using SPSS version 17. Analysis of variance and post hoc 
test were performed to determine if there is statistical sig¬ 
nificance difference in the mean concentrations of mercury 
and arsenic among various age groups Descriptive statistics 
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was also used and data generated were converted to percent¬ 
ages and presented in tables. P < 0.05 was considered to be 
significant. 

RESULTS 

Prevalence of mercury residue in slaughtered 
pigs in Nsukka slaughter house 

Out of a total of 110 pigs sampled, 73 (66.4%) were posi¬ 
tive while 37 (33.6%) were negative for mercury residue and 
from 330 organs sampled (110 each of liver, kidney and mus¬ 
cle from the 110 pigs), 177(53.6%) were positive for mer¬ 
cury residue (Table 1). 

Prevalence of Arsenic residue in slaughtered 
pigs in Nsukka slaughter house 

Out of a total of 110 pigs sampled, 32 (29.1%) were positive 
while 78 (70.9%) were negative for arsenic residue and from 
330 organs sampled (110 each of liver, kidney and muscle 
from the 110 pigs), 55 (16.7%) were positive for arsenic resi¬ 
due (Table 2). 

Comparison of the number of positive samples 
and the mean Concentrations of Mercury and 
Arsenic in the different organs from different 
sources with their specific PTWI 

Table 3, arsenic recorded 0 (0%) of kidney, 3(2.73%) of the 
liver and 0(0%) of the muscle samples respectively which 
were above the PTWI of 0.015 mg/kg body weight (bw). 
Table 4 mercury recorded 1 (0.9%) of kidney, 0(0%) of the 
liver and 0(0%) of the muscle samples respectively which 
were above the PTWI of 0.005 mg/kg bw. 

Organ distributions of arsenic in slaughtered 
pigs 

In figure (fig.) 2, the presence of arsenic was recorded 
22(20%) of liver, 19(17.3%) of kidney and 14(12.7%) of 
muscle samples. There is no significant difference between 
occurrence of arsenic and the organ types. 

Organ distributions of mercury in slaughtered 
pigs 

In fig. 3, the presence of arsenic was recorded 66(60%) of 
liver, 61(55.5%) of kidney and 50(45.5%) of muscle sam¬ 
ples. There is significant difference between occurrence of 
mercury and the organ types. 

Age distribution of mercury and arsenic con¬ 
centrations in Nsukka slaughter house 

The mean mercury concentrations in age range of slaugh¬ 
ter pigs, 0 to 1 year were 0.0014mg/kg, 0.0014mg/kg, and 


0.0008mg/kg in kidney, liver and muscle samples respec¬ 
tively (Table 5). In age range 2 to 3 years, the mercury con¬ 
centrations of 0.0008mg/kg; 0.0009mg/kg and 0.0006mg/ 
kg were recorded in kidney, liver and muscle respectively. 
The mean mercury concentrations in age range 4 to 5 years 
were 0.0007mg/kg, 0.0007mg/kg and 0.0004mg/kg in kid¬ 
ney, liver and muscle respectively. The mean mercury con¬ 
centrations for the age range > 6 years were 0.0004mg/kg, 
0.0006mg/kg and 0.0002mg/kg in kidney, liver and muscle 
respectively. 

The mean arsenic concentrations in age range of slaugh¬ 
ter pigs, 0 to 1 year were 0.0026mg/kg, 0.0041mg/kg, and 
0.0023mg/kg in kidney, liver and muscle samples respec¬ 
tively (Table 5). In age range 2 to 3 years, the arsenic con¬ 
centrations of 0.001 lmg/kg; 0.0021mg/kg and O.OOlOmg/kg 
were recorded in kidney, liver and muscle respectively. The 
mean arsenic concentrations in age range 4 to 5 years were 
0.0016mg/kg, 0.0020mg/kg and 0.0008mg/kg in kidney, liv¬ 
er and muscle respectively. The mean arsenic concentrations 
for the age range > 6 years were 0.0007mg/kg, 0.0008mg/kg 
and 0.0002mg/kg in kidney, liver and muscle respectively. 

However, for arsenic and mercury residues, the European 
Commission has not established statutory limits for meat 
products. Mercury levels in our samples were very low, 
about 1000-fold lower than allowed in fish (European Com¬ 
mission, 2011). The Joint FAO/WHO Expert Committee on 
Food Additives (JECFA) Provisional Tolerable Daily Intake 
(PTDI) for inorganic arsenic is 0.002 mg/kg bodyweight, 
equivalent to 0.12 mg/day for a 60kg adult. The JECFA Pro¬ 
visional Tolerable Daily Intake (PTDI) for inorganic arse¬ 
nic is 0.002 mg/kg bodyweight, equivalent to 0.12 mg/day 
for a 60kg adult. PTWI for mercury is 0.005mg/kg bw and 
0.0015mg/kg bw for arsenic. However, mean values for ar¬ 
senic and mercury in all the organs and muscle samples were 
below the PTDI except in the age range 0 to 1 year (0026mg/ 
kg, 0.0041mg/kg, and 0.0023mg/kg in kidney, liver and mus¬ 
cle respectively) and liver of age range 2 to 3 (0.0021mg/ 
kg). Also, the mean values for mercury and arsenic in all 
the organs and muscle samples were below the PTWI ex¬ 
cept in few samples of the kidney and liver in Hg and As 
respectively, which was slightly higher but not statistically 
significant (p<0.001). 

Processing of slaughter pigs in Nsukka slaugh¬ 
ter houses 

Old tyres were used to light fire in Nsukka slaughter house, 
for singeing slaughtered pigs (Fig 5). 

DISCUSSION 

The 66.4% and 29.1% prevalence of mercury and arsenic 
in the study area seems significant and indicative of high 
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exposure of pig consumers to mercury residue. The preva¬ 
lence is at par with 66.7% mercury prevalence recorded by 
Anonymous (1989), in liver tissue of pigs at New Zealand, 
but slightly differs from 31.9% prevalence recorded in the 
kidney sample. The parity between the prevalence of mercu¬ 
ry and arsenic residue in pigs from New Zealand and Nsukka 
urban abattoir in this study which recorded 66.4% prevalence 
could be likened to the fact that both are located in urban ar¬ 
eas and there is regular meat inspection in the area. This may 
also be attributed to the higher level of industrial activities 
(mechanics and automobiles engines) observed in the area. 

Although it has been reported by Akoto et al., 2014 that mer¬ 
cury and Arsenic residues accumulates more in kidney and 
liver as also detected in this work owing to the fact that kid¬ 
ney and liver are organs of biotransformation and detoxifica¬ 
tion, but no association was found between the type of tissue 
and the occurrence of arsenic and mercury residues respec¬ 
tively. The non association could be likened to the singeing 
practices which makes accumulation of mercury and arsenic 
in the muscle almost as high as in the internal organs (kid¬ 
ney and liver). Accumulation in internal organs (kidney and 
liver) occurs due to oral exposure (consumption of mercury 
and arsenic contaminated food and water). Animals, espe¬ 
cially free range pigs are exposed to heavy metals in our lo¬ 
cal environment through scavenging in open waste or refuse 
dumps, and polluted drinking water (Okoye and Ugwu 2010; 
Felix et ah, 2016b). 

The higher levels of mercury recorded in organs in the pre¬ 
sent study is similar to what was reported in pigs slaugh¬ 
tered at New Zealand (Anonymous, 1989). The number of 
positive samples (2.73% of the liver is above the PTWI of 
0.015 mg/kg body weight for Arsenic and 0.9% of kidney is 
above the PTWI of 0.005 mg/kg body weight for Hg) out of 
110 samples of each organ, with concentrations higher than 
their respective PTWI as recommended. But, they values are 
small and the mean concentrations of the two organs in the 
different metals are significantly lower than their respective 
PTWI. The results from this study implies that Hg and As ac¬ 
cumulates more in kidney and liver compared to muscle and 
is in agreement with Akoto et al. (2014). The high levels of 
Hg and As concentrations in liver and kidney of slaughtered 
pigs are likely due to their special functions; liver as storage 
and metabolic organ and kidney as an excretory organ (Fe¬ 
lix et al., 2016a). The result shows that the mean concentra¬ 
tions of mercury and arsenic decreased as the age increased. 
Mean mercury concentrations in age range 0 to lin kidney 
(0.0014 mg/kg), liver (0.0014 mg/kg) and muscle (0.0008 
mg/kg) was significantly higher than the age range 2 years 
and above. Mean arsenic concentrations in age range 0 to 
lin kidney (0.0026 mg/kg), liver (0.0041 mg/kg) and muscle 
(0.0023 mg/kg) was significantly higher than the age range 
2 years and above. The reason for the variation in age is be¬ 


cause younger pigs have immature metabolic rate and innate 
curiosity. 

Generally, mean values for mercury and arsenic in all the or¬ 
gans and muscles of pigs slaughtered in the study area were 
below PTDI except in the arsenic age range 0 to 1 year and 
liver of age range 2 to 3 which was slightly higher, but the 
difference is not statistically significant. The fact that the 
mean concentration of the age range 0 to 1 is higher than 
its PTDI, although not significant; it may still pose serious 
public health threat to consumers considering the high rate of 
exposure recorded in this study. 

These metals and metalloids tend to bioaccumulate in the en¬ 
vironment and biomagnify in food chains where their levels 
might reach toxic limits even when found in low concentra¬ 
tions in environmental samples (Caggiano et al., 2004; Eken- 
ma et al., 2014, Felix et al., 2016a). Serious health problems 
can develop as a result of excessive accumulation of these 
metals in the human body through dietary intakes (Oliver, 
2007). 


CONCLUSION 

This study shows that heavy metals were seen in different 
concentrations in organs and muscles of slaughtered pigs. 
The level of mercury and arsenic in pigs slaughtered at 
Nsukka slaughter house varied with all the samples falling 
below the PTDI except in the arsenic age range 0 to 1 year 
and liver of age range 2 to 3 which was slightly higher. The 
results also concluded that the mercury and arsenic residues 
accumulates more in kidney and liver than the muscle tissue. 
Younger pigs are more prone to mercury and arsenic residues 
accumulation than the older ones. 

Prolonged consumption of high concentrations of Hg and As 
slaughtered pigs offal and pork meat may lead to accumu¬ 
lation of these metals in the human body and cause metal 
toxicity. There is a clear need to avoid consumption of con¬ 
taminated pork meat and offals. Continuous monitoring of 
Hg and As residues in the liver, kidney and muscle of slaugh¬ 
tered pigs in Nsukka slaughter house is recommended in the 
interest of human consumers. This study would be useful 
for the creation of guidelines to protect the public from the 
harmful effects of the toxicants present in pigs that is con¬ 
sumed by the public. 
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Figure 1: Map of Nsukka slaughter house 
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Table 1: Prevalence of Mercury residue in slaughtered pigs 

in Nsukka Slaughter House 


Status 

No of Pigs (%) 

No of Organ types (%) 


Total 



Liver 

Kidney 

Muscle 


Positive 

73(66.4) 

66(60) 

6 i( 55 - 5 ) 

5 o( 45 - 5 ) 

i 77 ( 53 - 6 ) 

Negative 

37 ( 33 - 6 ) 

44(40) 

49 ( 44 - 5 ) 

60(54.5) 

153(46-4) 

Total 

HO 

HO 

HO 

HO 

330 

Table 2: Prevalence of Arsenic residue in 

slaughtered pigs 

in Nsukka Slaughter House 


Status 

No of Pigs (%) 


No of Organ type 

s (%) 

Total 



Liver 

Kidney 

Muscle 


Positive 

32(29.1) 

22(20) 

19(17-3) 

14(12.7) 

55 (i 6 - 7 ) 

Negative 

78(70.9) 

88(80) 

91(82.7) 

96(87.3) 

275(83-3) 

Total 

HO 

HO 

HO 

llO 

330 

Table 3: The number (%) of organs of slaughter pigs with mean concentration above PTWI (As) 

Sample type 

No sampled 


Maximum Permissible Limit (PTWI) 




No (%) below 

No (%) above 

Kidney 

llO 


110 (100) 


0 (0) 

Liver 

llO 


107 (97.27) 


3 ( 2 - 73 ) 

Muscle 

llO 


110 (100) 


0 (0) 

Total 

330 


327 ( 99 -i) 


3 (o- 9 ) 

Table 4: The number (%) of organs of slaughter pigs with mean concentration above PTWI (Hg) 

Sample type 

No sampled 

Maximum Permissible Limit (PTWI) 




No (%) below 

No (%) above 

Kidney 

HO 


109 (99.1) 


1 (0.9) 

Liver 

HO 


110 (100) 


0 (0) 

Muscle 

llO 


110 (100) 


0 (0) 

Total 

330 


329 (99.1) 


1(0.3) 


100 



kidney liver muscle 

Arsenic: Types of organ 


■ positive 

■ negative 


Figure 2: Organ distributions of Arsenic. 



Figure 3: Organ distributions of Mercury. 
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Figure 4: Levels of Mercury and Arsenic concentrations in kid¬ 
ney, liver and muscles of slaughtered pigs in Nsukka slaughter 
house, Enugu State. 



Figure 5: indicate arrow showing the direct use of tyre in 
scorching the skin of slaughtered pigs. 



Table 5: Mean and SEM organ concentration of Mercury and Arsenic in slaughtered pigs according to Age 
range. 


Metal 

Age Range of pigs 

Organ mean and standard error of the mean (SEM) concentration (mg/kg) 



Kidney 

Liver 

Muscle 


0-1 

o.ooi4±o.ooo3 a 

0.0014±0.0002 a 

0.0008±0.0002 a 


2-3 

o.ooo 8 ±o.oooi b 

0.0009±0.0002 b 

o.ooo 6 ±o.oooi ab 

Hg 

4-5 

0.0007±0.0002 b 

0.0007±0.0002 b 

o.ooo4±o.oooi b 


>6 

o.ooo4±o.oooi b 

o.ooo6±o.ooo2 b 

0.0002±0.0001 b 


0-1 

o.oo26±o.ooo9 

o.oo4i±o.ooi5 

o.oo23±o.ooo9 a 


2-3 

o.oon±o.ooo7 

0.0021±0.0012 

o.ooio±o.ooo6 ab 

As 

4-5 

o.ooi6±o.ooo9 

0.0020±0.0010 

o.ooo8±o.ooo6 ab 


>6 

o.ooo7±o.ooo5 

o.ooo8±o.ooo5 

0.0002±0.0001 b 


Values within same column with different superscripts are statistically different at P < 0.05. 
SEM: Standard Error of mean 
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